INTRODUCTION PROJECT DESCRIPTION

1
The project site is located at the Northeastern part of the MIT campus, an area of tidal marshes that 2 were filled in the late 1800's and later used for university athletic fields. The only prior construction 3 on the site was Building 20, a three-story above-grade, wooden structure that originally housed the 4 Radiation Laboratory during the Second World War. Figure 3 illustrates a typical North-South cross-5 section across the basement of the Stata Center. The ground surface is approximately level at El. 6.4m.
6
Within the footprint of the site, the subsurface stratigraphy was determined from a series of 10 seismic 
17
The groundwater table at the site is at El. 4.6m, corresponding closely to the water level in the
18
Charles River, and data from piezometers installed in the clay show that pore pressures are hydrostatic 19 through the soil profile.
20
There is little site-specific data on the engineering properties of the surficial soils. The fill ranges in 21 thickness 4±1.6m with an average SPT blow count, N = 15bpf. The organic layer has quite variable 22 thickness (1.2 -6.7m) and includes fine sand layers, while the marine sand is a dense, fine to medium 23 sand with SPT, N = 26±6 bpf.
24
Detailed investigations of the properties of Boston Blue Clay at the site were motivated in part by 25 poor performance of excavation support systems for Building 68 (cf. Fig. 1 ; Berman et al., 1993) and 
15
The excavation is supported by a 0.76m thick reinforced concrete diaphragm wall that serves as the 16 exterior basement wall of the final structure and extends to a total depth of 21.6m (i.e., the toe of the 17 wall floats within the clay at El. -15.3m). The wall comprises 65 panels and was constructed with pre-18 installed sleeves for subsequent installation of tieback anchors, and bearing plates for the corner braces 19 and rakers. Three rows of temporary tieback anchors were installed along the mid-sections of the East,
20
South and West walls (Fig. 1) . Each anchor was drilled at an inclination of 20°, with bonded lengths 21 ranging from 12m to 15m located in the marine sand and upper BBC, at an average horizontal spacing 22 of 1.5m. The tiebacks were preloaded to 50% of the estimated design loads, corresponding to forces in 23 the range, 500-570 kN. The wall and bracing system were designed using the finite element program 24 ANSYS (Hewitt & Haley, 2003) . Along the Southern wall there was some interference between the 25 installation tiebacks (Fig. 5a ) and caisson foundations for Building 57 affecting 10-15% of the 135 anchors (as indicated in Fig. 3) . Hewitt et al. (2003) report that 35% of the third level tiebacks were 1 post-grouted more than 3 times in order to achieve the required design capacity.
2
The City of Cambridge prohibited tieback installation beneath Vassar Street. Hence, the excavation 3 support system for the North wall comprises 8 pairs of 91cm diameter pipe strut raker beams (spaced 4 7.6m apart), that were preloaded against kicker blocks embedded in the 1.2m thick concrete mat 5 foundation, Figure 5b . A soil berm was left in front of the north wall during raker installation and 6 preload forces were set at 50% of the expected design loads. The upper raker beams were insulated to 7 reduce thermal expansion after berm removal. Two levels of preloaded pipe struts were used to brace Figure 7 shows that the resulting finite element model represents a close 9 approximation to the original geometric model (Fig. 7d vs 7b ).
10
The overall finite element model extends laterally beyond the footprint of the excavation to a 
18
The current FE model represents the soil mass using approximately 11200 elements and includes more 19 than 520,000 degrees of freedom.
20
The FE model represents the diaphragm wall using elastic plate elements and assumes isotropic 21 stiffness properties of the wall representing the bending stiffness of the uncracked wall section. We 22 have checked these assumptions through parametric analyses and found minimal effects of reducing the (Table 5 ). The Boston Blue Clay has been modeled using three approaches: Table 6 shows the initial values of the stress history state 3 variables assumed in the current calculations (5 sub units with specified OCR). These 4 parameters have been chosen, such that MIT-E3 replicates closely the undrained shear strength 5 profile in Figure 4c in the undrained direct simple shear mode (s uDSS ).
6
C. Partially drained conditions using the MIT-E3 soil model. This case uses the same model input 7 parameters and state variable, but simulates consolidation using the average hydraulic 8 conductivity shown in Table 6 with time steps for the construction phases shown in Figure 6 .
9
All three cases assume horizontal soil layers with initial stress defined by K 0 conditions (Table 3) , 10 and hydrostatic pore pressures, with groundwater table at El. 4.6m. slab and diaphragm wall, neither of which is captured in the current numerical analyses.
10
The Case B analysis using the MIT-E3 soil model predicts slightly smaller wall deflections at 11 most locations. In most instances, the differences between Cases A and B are less than 5mm. This is a 14 The results at SC-07 and SC-06 (Fig. 9) show that the numerical analyses are capable of Figure 11 show that 5 partial drainage Case C generates slightly smaller wall deflections than the undrained analysis, Case B.
6
The differences in magnitude range from 1-2mm in the corners to 10mm at the center of the South 7 wall. The results confirm that partial drainage has only a small effect on the computed wall deflections 8 and that the behavior can be well approximated by conventional undrained assumptions.
9
Ground surface and building settlements were monitored through optical surveys of reference 10 points. Figure 12 compares the measured and computed settlements at the end of the excavation along close proximity of the Building 57 make reliable interpretation difficult.
22
Subsurface vertical displacements were also measured by magnet extensometers in a borehole 23 located close to the South wall (Fig. 1) . Figure 13 compares the computed and measured vertical heave the clay (El. -9.4m) and generates better agreement with the extensometer data at this elevation.
7 Figure 14 shows similar comparisons between computed and measured pore pressures at two 8 elevations within a borehole located near the center of the excavation (Fig. 1) . The piezometers show a 
CONCLUSIONS
22
The three-dimensional finite element analyses described in this paper were made practical through 
